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The work of this thesis was undertaken for the purpose of 
finding the velocity of steam flow through rectangular ports.
The apparatus was designed by Mr. W.A.Fraser, '99, to with­
stand two hundred pounds pressure per square inch. The larger part 
of the making and building was also done by him.
Before starting the series of experiments, the apparatus was 
taken apart and put in good working condition by the writer.
Plate (1) shows photographs of the apparatus. Plate (2) shows 
part vertical section of the steam port apparatus, scale, 1/2. 
Plate (3) shows the complete apparatus, with pipe details, scale, 
1/16.
Steam was taken from the boiler through a two inch pipe, (A), 
throttled by valve at (B) to pressure desired; this pressure being 
measured by gauge (C), which is fitted by means of siphon to 
steam-chamber (D). A separating calorimeter was attached by a 
short pipe and valve at (E) to chamber (D).
The valve (F) which governs the port opening is controlled 
by the hand-wheel (G).
The threads on valve stem being one-eighth inch apart. A 
permanent mark was made on valve stem thread and on frame at (I); 
which when brought together show that port is just closed by the 
valve.
From the chamber (D) the steam goes through the port into the 
exhaust-chamber <J). The back-pressure Is controlled by the
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valve (K), and measured by the gauge (L); which is attached to 
a chamber (J) by a siphon. From valve (K) the steam goes by means of 
a two inch pipe into the eight inch heating main, which usually 
has in it a pressure of from two to five pounds per square inch.
Drip pipes are attached to chambers (D) and (J) to get rid 
of the steam condensed, while heating up the apparatus.
The boiler used for furnishing the steam, is a one hundred 
horse power tubular boiler, situated near the north end of the 
University of Illinois heating plant. This boiler is only allowed 
seventy-five pounds pressure by the insurance inspector. The safety- 
valve is set for about sixty-five pounds. Because of this limit, 
as high pressures as wished for could not be used on account 
of the danger of the boiler "blowing off", and thus losing the 
experiments. Fifty pounds was the highest pressure used at port, 
as to do this and keep the pressure steady the boiler pressure had 
to be about sixty pounds.
The pressures used at port (chamber D) were from fifty to 
twenty pounds, varying by five pounds. Each of these steam pressures 
being used with different back pressures in chamber (J). The back­
pressures used varying by five pounds; except for the thirty pound 
one-sixteenth by ten inch opening curve, (speed curve No. 4), 
for which experiments were made with back-pressures, varying by 
one pound from twenty-nine to fourteen pounds. The reason lower 
back pressures could not be obtained was the fact that the two- 
inch exhaust pipe could not carry the expanded steam away fast 
enough.
To get the weight of steam the boiler was calibrated through 
its working range, as shown by the glass water-gauge. To calibrate
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the boiler it was filled to top of water-gauge with water. Then 
water was let out through the blow-off cock in amounts of from 
one hundred to five hundred pounds (varying by one hundred pounds) 
into a tank resting upon a standard scale. Each time readings 
being taken of the height of water in the boiler, as shown by a 
scale graduated to tenths of inches, firmly fixed by the side of 
the glass water-gauge.
Six of these experiments were made. The calibration curve 
used being plotted as a mean curve between the points found from 
the whole number of experiments. The calibration curve (Plate 
was plotted by using height of water (on glass-gauge scale) in inches 
as abscissas and one hundred pounds of water flowed out as ordi­
nates. The twelve inch mark on scale being taken as datdm.
During experiments for flow of steam, the boiler was filled 
to the height desired. Then all openings in it except that leading 
to the steam port were closed so that the whole amount of steam 
formed must go through the steam port. The port was then opened 
to the desired amount by means of the valve (F) which is controlled 
by the hand-wheel (G). The marks (I) first being made to coincide; 
then the hand-wheel (G) was turndd to the left one complete rev­
olution ior each one-eighth inch opening desired..The port used 
was ten inches long and one inch wide. The openings used were 
one-sixteenth by ten inches and three-sixteents by ten inches.
After port-opening desired was gotten, steam and back-pressures
were gotten to the desired points by opening or clojng valves 
(B or K).
Alter the boiler had run about five minutes with steam flow­
ing ( to let the water settle down and water-gauge to settle to
correct level) a reading of the water-gauge scale and time
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was taken at the same instant. The steam and back-pressures were 
kept constant by means of valves (B and K). At the end of the ex­
periment a second reading of the water-gauge scale and time was 
taken. The usual time of an experiment was thirty minutes.
Steam was allowed to flow through the"Schaeffer and Budenburg"
separating calorimeter (0) and into its condensing can (R) ten
, , . . . of scalesminutes during each experiment and readingsAon both were taken
at beginning and end of the ten minutes flow.
The amount of water separated from the steam by the calorimeter 
is shown by a glass gauge in its side graduated to read tenths 
of pounds. The condensing can was partially emptied and then re­
filled after each ten minutes' test. The readings of time, water- 
gauge, calorimeter and condensing can, constitute the log of one 
experiment as shown below:-
Steam Pres sure Bac kPressure Wafer ~T/ m e. Cal or i mete) *. Co r\der\ se r.in in / n j T)'m as -- /Omi n uTas,lbs. new sq. in !b>s. Per, so, jn . inches /oo s /bs. ibs.
SO J S S-.37 3./7
/o ;S7 
U:a 7
1.00
9.7S
/.0 0 
2-8 0
Complete logs of the whole number of experiments are given on the dat*
ta sheets.
After one experiment was run the boiler was refilled and the 
next experiment commenced and run in the same way. The steam port 
was kept open the same amount until the set of experiments for 
that opening was completed.
The amount of steam flowing through the port during an exper­
iment was determined from the boiler calibration curve, by taking 
the difference between the amount of water flowed out from the
boiler at the beginning and end of the experiment as shown by the 
water log in inches. These amounts being found in pounds from the
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boiler calibration curve. The quality of steam was deter­
mined from the calorimeter and condenser log. The per cent of 
wetness being the weight of water collected in the calorimeter, div­
ided by the weight of steam condensed in the condenser plus the
weight of water collected in the calorimeter. % wetness
_____ w^_cal._
w. con. -f- w. cal.
The velocity or speed of steam flow per second is found by
the formula , where S is the weight of steamT x 60 x A
flowed out through the port during the experiment. D is the % dry­
ness of the steam (1- % wetness), V is the volume of one pound of 
dry steam. T is the time of the experiment in minutes. A is the 
area of the port in square inches. Complete logs, results and 
speed curves derived from these are found below.
The velocity or speed curves are plotted by using difference 
between steam and back pressures as abscissas and velocities in 
one hundred feet per second as ordinates.
Use of Curves.
To use the calibration curve (Plate 4), find the point at 
bottom of plate which measures the same number of inches as given 
by the experiment wanted. Find the point where a vertical line 
drawn from this bottom point intersects the curve. Then a hori­
zontal line drawn to the left will show by intersecting the scale, 
the number of hundred pounds of water flowed out from datum ( 
(twelve inch mark on water-gauge scale) at beginning of experiment. 
Repeat is the same manner for the second number of the same water 
l°fo* The first amount found taken from the second amount found
mount of vvater(or steam) flowed out during the exper-
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iment.
To use the speed curves:- take the curve hawing the opening 
and steam pressure wished, as shown by title. For example opening 
1/16" x 10", steam pressure 50 pounds. Then if speed for thirty- 
five pounds back pressure is wanted, find the point at bottom of 
plate showing the difference between steam and back pressures, in 
this case fifteen pounds. Find the point where a vertical lime from 
the bottom point intersects the curve. Then a horizontal line 
drawn to the left will show by its intersection with the scale
the speed of flow in hundred feet per second for the conditions 
taken.
Cautions in Using the Apparatus.
This boiler runs best with not more than eight inches of water, 
as shown by the water-gauge scale; but for high pressures and large 
opening ( one eight by ten inches or larger) more water will be 
needed and the following must be noted. When nine to eleven 
inches of water (on gauge scale) is used, care must be taken that 
the correct height of water in the boiler is gotten. In experiments 
with high pressure steam using large openings and consequently 
a high water lane, the first three to five minutes after filling 
the boiler the water in the glass gauge will remain stationary, 
though steam is going out all the time. Then it will go down from 
half an inch to an inch in two or three minutes and then vibrate for 
two or three more. After this has happened and water in gauge 
quieted down it seems to show the correct height of water in the 
boiler and goes down steadily.
The calorimeter should be heated tip for a few minutes before
using by letting a small amount of steam flow through it into the air
The amounts of water in the calorimeter should be read with 
the pressure of steam on, at both readings; or off at both readings 
and after waiting two or three minutes for the last reading. If 
one reading is taken with the steam on and the other reading 
with the steam off the difference will not show the correct amount 
of water separated from the steam. The calorimeter pointer must 
be at water level before steam is shut off, if the readings are 
taken with pressure on.
Steam connection with condenser and with steam chamber should 
be cut off as nearly as possible at the same time. Break the con­
denser connection first, if one must come before the other as 
then the steam coming through the calorimeter will flow into the 
air, and as calorimeter pointer was set at water level the readings 
will not be changed by the steam flow. Take both readings of water 
in the condenser with pressure off, waiting at least three min­
utes after breaking corideneer connection for the last reading, 
as the water at the time of breaking the connection contains a 
great many bubbles which must be. allowed to rise before correct 
height can be gotten.
Recommendations.
This apparatus, if used again should have a three and a 
half or four inch pipe for the exhaust instead of a two inch 
as was used in these experiments. The two inch exhaust pipe will 
not carry the steam (expanded in and after coming through the 
port) away fast enough to allow a low back pressure to be gotten. 
Accurate work can not be done with this apparatus as set up for
8This series of experiments, on account of the inaccuracies of 
water measurement, due to fluctuations in water gauge.
This apparatus would take a very large condenser, therefore 
the writer would recommed for further work of this kind,that an 
apparatus of the same type with a smaller port (about one by 
two inches) be used. This should be connected to a surface con­
denser, as then accurate measurements of steam flow would be 
assured.
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Peculiar Facts Noted.
One of the surprising facts noted during this series of ex­
periments was the large amount of steam that will flow through 
a small port opening, with small difference between the steam 
and back pressures. The data showing this will be found in the 
right hand column of the data sheets, giving the amount of steam 
flow in pounds per hour. It was also noted and commented on, 
that the thirty pound speed curve for the one-sixteenth by ten inch 
opening, rose above the fifty pound curve of the same opening.
See speed curves No.(6)and (1). This was thought to be incorrect, 
but the writer noticing that the curves between the fifty and thirty 
pound curves seemed to follow the same law (The lower pressure 
steam has the higher speed curved figured out the theoretical 
fifty and thirty pound speed curves, and found the relative posi­
tions of the curves derived from experimental data to be correct, 
ihe statement ol this fact is:— That with two pressures of steam, 
each having its back pressure differing from its steam pressure 
by the same amount as:- steam expanding from fifty to thirty- 
five pounds pressure, and steam expanding from thirty to fifteen 
pounds pressure. The steam having the lower pressure has the higher 
velocity.
Steam of thirty pounds pressure is of less density than that 
of fifty pounds pressure. Therefore if they do the same amount 
of work (equal heat units used) the thirty pound steam must flow 
the faster.
The thirty pound steam uses more heat units in expanding 
lifteen pounds, than the fifty pound steam in expanding the
same amount. This fact, together with that of the preceding para­
graph, proves that the thirty pound steam flows faster than the 
fifty pound steam where there is the same difference in each case 
between steam and back pressure. See speed curves Nos.(21) and 
( 2 2 ) .
The same proof applies to the other pressures used in these 
experiments. When, however, the speed curves are drawn with back 
pressures having equal ratios to their steam pressures; as thirty 
pound steam expanded to ten pounds, and fifty pound steam expanded 
to thirty pounds. In each case a ratio of steam to back pressure 
of three to one, the higher pressure steam has the higher velocity. 
See speed curve No. 23.
Speed curve No. 24 is drawn to compare the curves gotten by 
experiment with one by ten inch port, one-sixteenth by ten inches 
opening. This curve shows the fact as noted above, that with the 
same difference between steam and back pressures, the lower 
pressure steam has the greater speed.
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